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Abstract. Aim of the present work is to improve the production of laserwelded flux cored 
wires with the help of Finite Element Analysis in Abaqus. This flux cored wires are used as 
welding consumables. To simulate the whole production process for every variety of input 
parameters is far too time-consuming particularly with regard to the filling. The production 
process is as following: after roll forming of a strip to a U-shape it is filled continuously with 
flux. This powder consists of up to 20 different substances. Afterwards the profile is closed to 
a tube and the edge is laserwelded. At last the diameter of the tube is reduced to 1.2 mm. The 
reduction step is investigated and subject of the present work. Observations have shown the 
most abrasion of the working dies in reduction steps where it is not expected due to the 
calculated true strain sequence. Therefore, the influence of the filling on the roll drawing 
process has to be taken into account. This is not easy because the process starts with loose 
multicomponent powder and ends with high compaction. It is hard to cover these demands 
with a single model for powder behaviour. So a phenomenological approach is established to 
solve the problem. The influence of the powder is described as a load which only appears in 
the projected contact area. Consequently, it becomes possible to study parameters on the 
reduction like different quantities of the multicomponent powder, the reduction sequence of 
the roll drawing process and the geometry of the rolls.  
 
1 INTRODUCTION 
Different powder models were studied to characterise the influence of the powder in the 
process. Soil mechanic models like Drucker-Prager/Cap describe lower compaction [1]. Many 
models exists which handle the powder as a metal matrix with porosity, like Shima and Oyane 
or Gurson [2]. These models are right at higher compaction [3]. At last there are models which 
calculate the behaviour of spheres under pressure [4,5]. This is far to time consuming for this 
kind of simulation. The production process leads to a high range in the compaction. Therefore 
one model could hardly reproduce the whole process. But it is impossible to fix a crossover 
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between two models. Furthermore all of them focus on the strength of the compacted powder 
and the density distribution during production to predict cracks in the finished parts. This is 
not relevant in this case. At least the experiments to characterise the powder are mostly very 
complex and expensive [6,7]. This is the reason why a phenomenological approach is added to 
the finite element analysis. A lot of investigational work has been done on characterisation of 
drawing process with axially symmetric dies [8,9,10]. The roll drawing process using roller dies 
is less studied [11,12,13]. All the researchers concentrate in their work on the reduction of rods or 
tubes with or without mandrel. The problem in the present work is that at the beginning loose 
powder is added. During the reduction process the multicomponent powder (flux) is 
compacted and acts as some kind of mandrel to the process. This is tightening up the 
investigation of the production process. Beside the pass schedule and the filling, the geometry 
of the rolls plays an important role. Also the strain-hardening of the tube has to be considered. 
These parameters are interacting in the roll drawing process that’s why it is difficult to handle 
in the finite element analysis.  
2 ROLL DRAWING 
Metallographic specimens show the influence of the used amount of multicomponent 
powder. Due to varying bulk volumes the wall thickness in the final cross section differs. If 
there is no powder added the inner diameter vanish. Three examples are shown in Figure 1. 
The outer diameter stays the same.  
 
 
Figure 1: Cross section through the final product for three different filling volumes
(increasing from a to c), outer diameter 1.2 mm 
 
The wall thickness is measured in three different positions, because the inner outline is 
very rough. The mean is build as schown in Table 1. 
 








sa 232 339 338 333 
sb 264 289 233 262 
sc 225 251 245 240 
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For the shown cross sections an axial elongation can be calculated, which reaches from 12 
up to 15. This leads to the assumption of an equlibrium between the compaction of the 
multicomponent powder, the reduction of the roll drawing process and the strain-hardening of 
the strip metal. These parameters influence the outcoming wall thickness.  
The strain-hardening of the outer strip material was determined with tensile tests. The 
extended formula of Ludwik [14] is used to calculate the flow stress (kf) for the deformed outer 
tube in every specific sequence of the reduction process.  
n
fAf Bkk ϕ+= (1)
The function is defined as following: kf is the true stress, kfA is the yield strength at φ=0, B 
is the yield strength at φ=1, n is the strain hardening exponent, φ is the true strain. An ideal 
plastic strain is defined by the sequence of the process. This is set as initial condition to the 
model to consider the hardening of the outer strip metal.  
3 INFLUENCE OF THE POWDER COMPACTION 
The compaction behaviour is studied with an isostatic press. Different equiaxed loads are 
applied on a weighted mass of the multicomponent powder in a rubber mould and the volume 
is detected. From the results the relative density under pressure is recorded. The compaction 
behaviour depends on many parameters like chemical composition, additives, particle size, 
particle shape and the mechanical properties of the full material [15,16,17]. Therefore the graph 



























Figure 2: Measured Compaction and the Calculated Regression of the powder filling 
 
The compaction behaviour of the multicomponent powder is expressed mathematically. 
Literature gives correlations between powder compaction and surrounding pressure. For 
example Schatt [15] defines the pressure which is needed to compact the powder until no 
porosity is left (pmax). 
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μi is set for the inner friction between the particles. r is the specimen radius. p stands for 
the pressure. ρrel is the relative density. σ are stress components (z direction and mean stress). 
kf is the yield strength of the powder as full material. m is the compaction exponent. A 
potential function is used to express the compaction of the powder. So it is valid to use a 
similar function to calculate the regression for the powder compaction (Figure 2).  
m
brel Bϕρρ += (5)
ρb stands for the bulk density of the powder. B is a factor which is adjusted to the 
compaction behaviour. This formula is used to calculate different quantities of the filling. 
From this the behaviour of any bulk volume under pressure can be calculated. The limits are 
given by the production process. Figure 3 shows an example for the correlation between 


























Figure 3: Different quantities of powder under pressure 
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After each roller die package a cross section was taken to measure the inner and outer 
diameter of the tube. The area is calculated and multiplied with the elongation of the tube. 
This leads to the actual volume. Now a pressure which is needed to compact the 
multicomponent powder to this level can be assigned to the inner volume. So, a value for the 
inner pressure as a result of the powder compaction is found and added to the finite element 
analysis. Of course, the relationship of the inner and outer diameter is influenced by the 
quantity of the powder and its compaction. But as a compromise this is neglected and the 
inner volume is taken absolut.  
To fix the region in which the compaction of the powder lead to a pressure on the inner 
wall a finite element analysis has been started. The projected contact area is a far to rough 
estimate. A very soft material is taken instead of powder. The geometry is authentic to the 
production process. A region could be fixed following the stress distribution in a cut of the 
finite element analysis shown in Figure 4.  
 
Figure 4: Cut through the tube in the FEA with the stress distribution for the principal directions 
 
A few differences have to be considered between deformation of a soft full material and a 
powder. At first no tension can occur in powders like the axial stress distribution shows. A far 
smaller elastic springback appears in compacted powder. The contact area for friction is much 
higher between a rod and a surrounding tube. The powder does not compact under shear 
stresses, whereas full materials can yield. This is why this analysis is only valid for finding 
the region for backpressure and could not be a simplification for the whole process.  
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4 FEA MODEL 
For the first simulated roller die the tube is considered as a stress and strain free material. 
On later roller dies a strain-hardening is added. The influence of the multicomponent powder 
is included through a user defined subroutine. The load only appears in the roller dies. The 
tube between the roller dies is unaffected which agrees with reality. The welding seam is 
included in the tube geometry and carries a separate material property due to the laser welding 
process. A package with twelve roller dies is always simulated at once. Two dies have always 
the same geometry. They alternate between horizontal and vertical positions. Abaqus Explicit 
is used, with C3D8 elements. The outer strip is made out of a soft steel with low strength. In 
the welding seam a modified material property is installed, due to the rapid cooling in the 
laser welding process. Roll drawing is a cold forming process. Between the roller dies and the 
tube rolling friction appears. As a result not much heat occurs. That’s why the heat is 
neglected in the finite element analysis. Figure 5 show the start of the finite element analysis 
with the tube in front and the alternating roller dies in the back.  
 
 
Figure 5: FEA model of the roll drawing process 
 
Figure 6 shows the radial stresses due to the load of the powder defined in the user defined 
subroutine. This picture is taken from an analysis with no rolls to control the input.  
 
Figure 6: Stresses due to VDLoad 
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5 RESULTS
Figure 7 shows the equivalent stress and the principal stresses for the first roller die. The 
upper roll which is identical to the lower is hidden to get a free view on the welding seam. 
The ovality occurs due to the spread. The geometry of the rolls itself is round and ends in 40° 
tangents. Between 40° and 50° is common for pass design.  
 
 
Figure 7: First Roller Die with inner pressure, upper roll is removed, Mises and principal stresses
 
6 CONCLUSION 
The discussed procedures allows to simulate the complex relationship in this production. 
The model show good correlation to reality which proves its validity. Specific sequences can 
picked out to study the parameters like roll geometry, process variables and the reduction 
sequence. The reactions of the system as there are out-of-roundness, stress and strain 
distribution and twisting can be determined. Furthermore the Finite Element Analysis runs at 
reasonable computing times. 
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